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Abstract The German tamarisk (Myricaria germanica) is
a riparian shrub threatened in Europe, where populations
are largely confined to the upstream areas of rivers. To
study gene movement in this species within and among
catchments, we isolated and characterized 22 nuclear and 5
chloroplast microsatellite loci and tested their polymor-
phism based on 40 individuals of M. germanica and four
individuals of Myricaria rosea. For M. rosea, 15 markers
amplified, and of these, eight were polymorphic. All
markers were polymorphic for M. germanica. The poly-
morphic markers allow the characterization of gene flow
patterns at various spatio-temporal scales.
Keywords Conservation  Riparian plants  German
Tamarisk (Myricaria germanica)  Microsatellites
Myricaria germanica Desv. is a shrub growing on gravel
banks of braided rivers (Bill et al. 1997). This charismatic
riparian species has suffered a severe decline due to
channelization of rivers and habitat degradation and is
threatened in Europe. The plant used to occur widespread
along the upper and middle reaches of European rivers, but
is now largely confined to the headwaters of rivers which
have not been regulated at all, or remain near natural
(Endress 1975). To assess whether populations of M. ger-
manica are functionally connected through contemporary
gene flow between main channels and tributaries within
catchments, to assess gene flow across catchments, and to
infer biogeographic patterns, we developed microsatellite
markers for this species for which none were available
previously.
An enriched library was developed by ecogenics GmbH
(Zurich, Switzerland) from size-selected genomic DNA
ligated into SAULA/SAULB-linker (Armour et al. 1994)
and enrichment was performed by magnetic bead selection
with biotin-labelled (GT)13, (CT)13, (AAC)10 and
(ATC)10 oligonucleotide repeats (Gautschi et al. 2000a;
Gautschi et al. 2000b). Of the 370 recombinant colonies
screened, 87 positive clones were sequenced and primers
were designed for 47 microsatellite inserts (GenBank
accessions HQ680637-HQ680688; HQ687489-HQ687492).
After PCR optimization for a melting temperature of 55C
for all primers, 20 microsatellite inserts could be amplified
reliably, and their polymorphism was determined (Table 1).
To obtain chloroplast markers, DNA sequences were
generated with universal chloroplast primers for psbC-trnS;
trnC-trnD; trnH-trnK (Demesure et al. 1995), trnL (Tab-
erlet et al. 1991), and psbA-trnH (Sang et al. 1997). These
loci contained microsatellite motives with 1-bp repeat units
that exhibited length polymorphisms, as well as insertion/
deletion polymorphisms. Primers were designed with
annealing temperatures of TM = 52C for all loci, opti-
mizing fragment lengths for multiplex PCR (Table 1). The
locus trnC-trnD contained a 12bp-insertion/deletion poly-
morphism, for which a separate set of primers was
designed (trnC.2-F: 50-GCC CCC TAT GAC AGA AATA-
30; trnC.2-R: 50-6FAM-AAT TGA AAG AAA CCA TCC
AA-30, TM = 52C, end concentration 200nM), which can
be included in multiplex PCR 3. We also tested three
universal chloroplast microsatellite markers developed for
plants (ccmp2, ccmp3, ccmp6, Weising and Gardner 1999),
but found no polymorphism in M. germanica.
To determine the variability of the microsatellite loci, 40
individuals were analyzed which had been sampled along
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the Lech river in Austria. Total genomic DNA was
extracted from leaf tissue, using the DNeasy 96 plant kit
(Qiagen) according to the manufacturer’s protocol. PCR
was carried out in 5 lL reaction volumes containing 19
Multiplex PCR mix (Qiagen), primers in varying concen-
trations (see Table 1), 1–10 ng of diluted genomic DNA,
and ddH2O. For the fourth PCR reaction, we used the
JumpStartREDTaq Ready Mix (Sigma–Aldrich). Amplifi-
cations were performed on a Veriti thermal cycler (Applied
Biosystems), and the cycling conditions were 95C for 15
min to activate the hot start DNA polymerase, followed by
35 cycles of denaturation for 5 s at 95C, primer annealing
at the locus-specific annealing temperature for 10 s, elon-
gation at 72C for 45 s, and a final extension at 60C for 30
min (multiplex 1 and 2). For multiplex 3, we used the
following cycling protocol: activation of the polymerase at
95C for 15 min, 34 cycles of 95C for 10 s, 52C for 1
min, and 72C for 1 min, and a final extension of 30 min at
72C. The fourth PCR reaction containing the cpDNA
locus psbA differed by a shorter initial activation of the
polymerase: 2 min at 95C. Fragments lengths were
determined by capillary electrophoresis on an ABI 3130
sequencer (Applied Biosystems), and the samples were
genotyped using GENEMAPPER version 3.7 (Applied
Biosystems). We also tested amplification of the markers
with four samples of Myricaria rosea, collected in a single
population.
We used Arlequin version 3.11 (Excoffier et al. 2005) to
test if the nuSSR loci were unlinked and in Hardy–Wein-
berg equilibrium, and to characterize the variability of both
nuSSR and cpSSR. All nuclear markers were polymorphic,
with two to six alleles (mean 3.4). The observed hetero-
zygosity Ho ranged from 0.025 to 0.625, the expected
heterozygosity He from 0.025 to 0.656. Three of the
nuclear loci were not in Hardy–Weinberg equilibrium
(Mg482, Mg498, and Mg499). With the exception of
Mg482, none of the nuclear loci showed a significant
deviation from Hardy–Weinberg equilibrium when we
applied Holm’s correction of P-values for multiple tests
(Table 1). Fifteen of 231 pairwise combinations of loci
were linked, but none of the significances remained when
P-values were adjusted with Holm’s correction.
The present markers show a potential to be transferable
to other species of the genus Myricaria: 15 nuSSR markers
amplified with M. rosea, and 8 of these were polymorphic.
All cpSSR markers amplified with M. rosea, but they did
not show polymorphism, which is not surprising given that
we analyzed few samples that were collected from the
same population.
In the microsatellite loci located on the chloroplast
DNA, we found between two and three alleles across the 40
samples from Lech in Tirol. Gene diversity ranged from
0.328–0.654. We did not test linkage disequilibrium for the
physically linked chloroplast loci.
The microsatellites reported here will be utilized to
study contemporary and historical gene movement of M.
germanica along major rivers in Switzerland, Austria
(Lech, Drau) and Italy (Tagliamento).
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